. They have many additional benefits, including promoting 115 biodiversity, sequestering carbon, reducing erosion and providing space for natural fluvial processes 116 (Stutter et al., 2012) . By selecting the type and make-up of the vegetation at the initiation of the buffer 117 strips it is possible to provide additional multiple benefits from these landscape features (Schultz et 118 al., 1995) and in the form of valuable material for use elsewhere in the system or in the landscape.
119
In this paper we investigate some aspects of the ability of green manure produced by harvesting 120 riparian buffer biomass to provide nutrients to spring barleycrop plants. We investigate and assess 121 whether the utility of such green manure could be enhanced by selecting specific species for growth 122 in riparian buffer zones. In this proof of concept study We our objectives are aim 1) to assess the 123 extent to which harvested biomass harvested from buffer strips can be used as a fertiliser to crop plantspromote yield and nutrition of spring barley in a typical arable soil of the region, and 2) to quantify the abilities of different plant species, typical of riparian buffers, to sequester N and P in their 126 tissue and then supply these nutrients to crops spring barley when added to the soil as a green and of the dominant species, 8 were common to both. However >20 of the dominant species were Balrownie series, Cambisol (FAO, 1994) , with an organic matter content 4.5%, CEC 12 meq 100 g -1 147 and pH 6.0, was collected from a field close to the buffer strips at Balruddery farm. This soil was air-dried and sieved and then was either left non-fertilised (Control), or amended with a range of sources Table S2 . All 151 treatments were replicated six times. The nutrient addition level was based on the rate of addition of P 152 to achieve sufficient P for the cultivar of barley used in this experiment on this soil and was derived 153 from previous studies (George et al., 2011) . Specifically, the nutrient treatments were designed to be equivalent to the input of 20 t (fresh weight) green manure per hectare of soil to 25 cm depth (3.0 x 155 10 6 kg soil) and were approximately equivalent to the addition of 50 kg P ha 
180
Plant tissue analysis weight (yield) were recorded. The number of tillers for each replicate was counted before the 183 harvested plant material was oven-dried at 70 °C for 4 days after which plant dry weight and head dry weight were recorded. Seeds were detached from the heads, cleaned with the aid of an Agriculex CB-1: Column Blower with an acrylic trash catcher (Agriculex, Guelph, Canada) and weighed.
186
The frozen flag leaf samples were freeze dried for 48 hours using a Sciquip CHRIST Alpha 1-2 freeze 187 dryer (SciQuip, Shropshire, UK) and then ground using a QIAGEN TissueLyser II (QIAGEN, Hilden, Germany). Nitrogen and C concentrations in plant tissues were determined by the combustion (plant 189 flour of 2-5 mg) in pure oxygen under static conditions using a CE440 Elemental Analyser (Leeman
190
Labs, NH, USA). Tissue P concentrations were determined on the powdered leaf material (50 mg) prior to harvest, which occurred at the onset of flowering, and stored at -20ºC for shoot P analysis.
214
Tissue P concentrations were determined as described in Experiment 1. Plants were then harvested 215 at flowering stage by cutting at the pot surface and the above ground plant material was oven dried at 216 70ºC for 4 days. Dried plants were then weighed and the above ground biomass recorded.
217
Phosphorus accumulation (mg P plant -1 ) was calculated as the product of biomass and P 218 concentration in the shoot tissue.
219
Effectiveness of green manure from specific riparian plant species (Experiment 3)
220
In a follow on study to investigate the potential of individual species in their effectiveness as green 221 manures, seven species were selected from the screen of riparian buffer strip species (Experiment 2).
222
The selection included four monocot species (Festuca rubra, Lolium perenne, Agrostis canina,
223
Cynosurus cristatus) and two dicot species (Myosotis arvensis, Trifolium repens), which provided a 224 range in capabilities to accumulate nutrients under excess input conditions. In addition, one crop plant
225
(Hordeum vulgare) was included. These green manure species were grown from seed in standard compost in 10 L (27.5 cm diameter, 22 cm depth) plastic pots, in a glasshouse for 12 weeks under the 
238
The mature green manure plant species were harvested and the fresh material was chopped to 1-10 239 mm size pieces and this homogenized tissue analysed for C, N and P content as described for
240
Experiments 1. Soil, categorised in Experiment 1, was mixed to form treatments detailed in
241
Supplemental Table S2 as follows. Specifically one kg of topsoil was amended as follows: 1) non- , dependent on the N:P ratio of the 246 specific source of green manure). Each treatment was replicated five times. Soils were incubated in pots in a greenhouse, under the conditions described above for plant growth (Experiment 1), and
248
were placed on the bench at random in order to avoid any potential environmental gradients. Soils
249
were watered daily to weight with deionised water to maintain equivalent of 40-50 kPa water 250 potential80% field capacity. Soil treatments were left to incubate for 10 weeks prior to sampling. Soil 251 core samples were taken from the pots at the end of the incubation period. Samples were transferred 252 into 50 mL tubes and stored at 4 ºC until analysis.
253
Soil P was determined using the sodium bicarbonate (NaHCO 3 ) extraction method (Olsen et al., 254 1954) . In 50 mL centrifuge tubes, 0.5 g of soil and 5 mL of 0.5M NaHCO 3 were shaken for 60 minutes.
255
The tubes were then centrifuged for 5 minutes at 5100 rpm. After centrifugation the supernatant was 
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There were no significant differences between the yield (dry grain weight) of barley plants grown in were found between the green manure only and INM treatments.
Nutrient release to soil upon decomposition of riparian buffer strip species Experiment 4
The nutrient characteristics of the specific riparian buffer strip species assessed are contained in 312 ). Festuca rubra exhibited 314 both the greatest C:N and C:P (24 and 94 respectively) while Trifolium repens had the smallest C:N
315
(8) and Myosotis arvensis the smallest C:P (31).
316
Nutrient concentrations of the soils following the addition and incubation of single species green 317 manures show some significant (P<0.001) differences for NH 4 -N, NO 3 -N and TOC (Table 3) .
318
Ammonium was greater in soils amended with green manure from Festuca rubra, Trifolium repens,
319
Lolium perenne and the 4 species mixed compared to the control, the NPK fertiliser and Myosotis 
325
Discussion
326
Taken together our data on plant growth, yield and nutrition suggest there is no benefit to crop plants , 1993; Knott, 1996; Elfstrand et al., 2007) . This is, however, in contrast to a 333 number of studies in the tropics in low input systems, which see benefits in crop growth and yield to 334 the addition of green manure (Gachengo et al., 1996; Fischler et al., 1999; Jama et al., 2000; Cobo et 335 al., 2002a) and in studies on sandy soils in temperate regions (Olesen et al., 2007; 2009 (Table S1 ). Balruddery green manure was harvested in winter in comparison to summer for the Tarland green manure, which would likely be detrimental to the quality of the material as it is likely 359 to senesce and remobilise nutrients in winter (Baggs et al., 2000) . It is also important to note that the 360 thorough mixing of nutrient resources in this controlled environment pot experiment is very different to 361 the agronomy of adding fertilisers in the field where nutrients will tend to accumulate in the surface 362 and potentially become more easily available to plants and microbes, so the full potential of the green 363 manure may not be realised in this experiment.
364
When a range of plant species common to riparian buffer strips in Scotland were grown in conditions 365 of excess N and P supply, a large range of biomass and P accumulation responses were seen with 366 greater than 90-fold difference in biomass production and 38-fold difference in P accumulation 367 observed ( Figure 2 ). This is consistent with previous studies that have demonstrated large differences 368 in nutrient accumulation abilities between different plant species (Broadley et al., 2004 (2000), who also showed smallest ratios for legumes, followed by dicots and then grasses. Our 381 data for C:N were also similar to those found for tropical green manure species (Cobo et al., 2002a) , 382 but the C:P ratios here were an order of magnitude less than the tropical species. These data would suggest Trifolium repens should be the best source of N to soil upon decomposition, while Myosotis 384 arvensis should best supply P. Festuca rubra had the largest C:N and C:P (Table 2 ) and would 385 therefore suggest that the addition of this as a green manure source would be the most likely to lead 386 to immobilisation of the nutrients in the soil and reduced plant availability.
387
The addition of green manure amendments from the specific species had no impact on the P 388 availability in the soil, but neither did the addition of NPK (Table 3 ). In contrast, the soil NH 4 levels 389 were increased by all species specific organic amendments except the Myosotis arvensis and when 390 all species were added together (Table 3) , while, NO 3 was only increased in the soil with the addition 391 of NPK and the Trifolium repens green manure. In the case of P, none of the amendments had the 392 predicted effect on the availability of P in the soil expected due to their C:P ratio. It was clear that the 
415
Despite the selected species having greatly contrasting abilities to accumulate nutrients and observed
416
differences in tissue quality and the amount of nutrient they release to the soil upon decomposition 417 (Tables 3 and 4) , there was no impact of using them as green manures on yield (Figure 3 ). This again
418
suggests that green manure in general is not a useful source of nutrients for agricultural crops in this 419 soil, under these artificial controlled conditions. In fact, it appears that green manures have 
425
The main conclusion of this study is that despite selecting specific species of plants with an ability to 426 accumulate large amounts of nutrients in their tissue, their use as green manures was not effective. rice-wheat cropping system as affected by crop residues, fertilizer N and legume green manure. Biol. significance (***, p<0.001) and least significant differences (LSD) were generated using ANOVA. Yield of barley after growth in soil amended with green manure from specific individual species typical of riparian buffer strips in Scotland and the same sources of green manure when applied in an integrated nutrient management (INM) system where half of the required nutrient is provided as inorganic sources (Experiment 3). All soils received the equivalent of 50 kg P ha-1 and between 100 and 500 kg N ha-1 (See Table S2 ), dependent on the N:P ratio of the material added. Plants were grown for 14 weeks in controlled conditions and compared to an unfertilised control. The data are the mean of six replicates and the error bars represent +/-one standard error of the mean. No LSD is presented as there were no significant differences observed. (1) Asparagales (1) Asparagales (1) Asterales (9) Asterales (14) Boraginales (2) Boraginales (3) Brassicales (1) Brassicales (1) Caryophyllales (5) Caryophyllales (6) Dennstaedtiales (1) Dennstaeditales (1) Dipsiacales (1) Dipsacales (1) Ericales (1) Ericales (1) Fabales (5) Fabales (3) Gentianales (2) Fagales (3) Lamiales (11) Gentianales (1) Maplighiales (2) Lamiales (6) Myrtales (2) Malphighiales (2) Poales ( Table S2 : Combination of treatments used to demonstrate the effect of green manures of different sources when supplying nutrients alone or in combination with inorganic fertilisers in integrated nutrient management systems when compared to unfertilised controls and fertiliser treatments including N and P alone and NPK.
The nutrient treatments were designed to be equivalent to the input of 20 t green manure ha -1 of soil to 25cm depth and were on average the equivalent of the addition of 50kg P ha -1 and 250kg N ha -1 when applied at the 100% dose rate. 
